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. pleteness, the open-ended ess, and the uncertalnty of I
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.peOple s Kpowledge.} In the other major section « -
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"~ " types of deductive, negative, and functlonal 1nferences,'
and the way uncertalntlés comblne’ln yhese 1nferences. \,
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éolllns, A M., Passaflum ’ J. J., .Gould, L., and Caf%onell J. G.

» Improv1ng 1nteract1ve' apabllltles in computer-asslsted

7 R 1nstructlon._ BBN qepo t No. 2631 1973.° _ _ | vi
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capabllltles ﬂn the SCHOLAR CAI system centerlng 1n three

..' : ma1n é££§§7”?i) 1mplementat on of two presentatlon

. ' 'strategles 1n SCHOLAR (Tutorial mode and Block-Test mode)

N . and a comparatlve evaluation of these two modes using
hlgh-school students ds subjects- (2) 1n1t1al study based

& | - ony anﬂﬂysls of utor1al dlalogues of how . to teach
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, procedural-knonledge'interactively w{thin SCHOLAﬁ,’and'
AT 7(3) addltlon of a module for teachlng geography using the
' fmap display and related questlon-answerlng fac111t1es '
recently added to SCHOLAR '

s

\ @ \\‘ . . ) . '

€ollins, A. M. Warnock;lf,- <, and Passafiume} J. dJd. nalys13 '
P and synthes1s of tutor1a1 dialogues. In G. Bower Wd ),
.The psychology of‘learnlni,and mot1vat10n, Vol. 9 '

\ New York: Academic Press, 1975. 7 o .
) . . A ) [}
A o . v . &'.' . " ‘\' . o

In th1s paper we~attempt to analyze the strateg1es by A

which tutors adapt their teach1ng to- nd1v1dual students,
so that we can synthe51ze these strategles in : ,
“SC &gEKR CAI rsystem. To- find out qhat strategle// ' R

tut Irs use, we tape-recorded dlalogues betwee varlous A

is a wellbde£7ned progr%ﬁ,\4
'<ed‘naturalisticﬁﬁ;

~.and process1ng of 1nforma ion in SCHOLAR We analyzed
B  the dialogues concentrating on one aspect at a time. »
, /Based'on our analyses; we ropose in this paper several ’.( |
hypotheses about how the .tutor relates hlS teachang to L
v the individual student. - We show how in modlfled form
o fwe have lmplemented some of these strategies in SQHOLAR..
_ We further argue that the an‘lytlcal method emplofed here -
. o could be extended to a widé range of conversatlonar : E -

v

-
D T =2

situations.- ThlS method (D1alogue Analysis) would éermlt
' psychologlsts to study questlons about~thi§1nteraé% ve
_ aspects of human processlng that cannot JVen be cOnsudered
* with tradltlonal laboratory methods. S .
. } ‘. . . o Lo ’ {{ J -
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ass1sted 1nstructlon.
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Comparlson of two teachlng strategles in computer-
2885,

1974,

Submltted

"to Instructlonal Sc1ence. SR . “ o o L

.S

Three experiments were‘run usin&"the'SCHOLAR CAI?system\\
7 ‘ to teach geography tp h1gh-school students. The - experi-
'f .;_;”f f‘u ”ments compared a method of teach1ng derlved from analysls
| ' of human tutors (Tutor1a1 mode) vs. & method der1ved

‘e In the

1cated that the_majorpfactor,affectlng o
ping was the stratégy'thatttutors use of
‘aterlal in. greater depth on a. second pass.
udents to’ ask questlons, and the tutorial
1at1ng new material to the students'
Adge contrlbuted only. a small amount’ to
found in the: flrst two experlmenés

' RN

.‘@rlgnettl,.M : Hausmgnn, C., and-Gould, .L. An “1ntelllgent“'
’ on- 11ne as:ist nt and Zutor--NLS-SCHOLAR In Proceedlngs&of

. “the National Co puter onference,'San D1ego, California, 1975,.
775-781. (Partﬂrl support) : , e _“ : o -
| L . N ) : . o . -
/" ] a - ’ . ) ! A 3
e , \ i _

NLS-SCHOLAR is a prototYpevsystemfthat'uses Artificial -
Inte 11gence.techn1ques to teach computer-nalve people

Jhow to use a3 p0werful and complex edltor. It represents
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. 'ﬁ\a new kind of tomputer A551sted Instructlon (CAI) system .
Aff;ﬁ“'gfi; ‘ that lntegrates systematlc teachlng with actual, practlce, ""M%”;
o i.e., one which can keep the user under tutorlél super—f'“”ki .
. visibn while allowing h1m to try out what he’ 1earns on &
the system he is learnlng about.’

NLS-SCHOLAR can

| %lso be used~as¢an*on—11ne help system s
O out51de.the tut rZal env1ronment 5h the course.of a -

user' s’ actuaI”for Thls eapablllty of combln%ng on- 11ne

a551stance wi tra1n1ng is an _extension_ of the tradltlonal"

\ o o - e bradd -
\H*\\ ;".'x )Ptlon of_QAIa B - . //hf' . < L ’

o

\\\\\ - ) . - LN -~ ol
) "~ N _ The techniques used in NLS-SCHOLAR are general and ‘can _
o ’ : " be applied to a wide variety 4f computerfrelated‘activities.-

1.

s

\ —
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Colllns, A Mjnvﬂarnock K. H., Alello, N., and Miller, ,M..W.

Reasonlng from 1ncomp1ete knowledge. In D. G. Bobrqw th W” L

A. M. Colllns (Eds ), Regresentatlon and understandlng.. o \

New York: Acad\mie\Press,.l975._ o o At :

[ ' . : P ' e A T ¢ \
LN

The paper descrlbes how people use a varlety Qf plau51ble,._x
but uncertaln, 1nferences to answer questlons abput whlch
their knowledge is. 1ncomplete. This kind of reasonlng is _a
' descrlbed in terms of how it is belng 1mplemented 1n the \
' SCHOLAR CAI system. The paper also-shows how people can, }x'
be taught to reason in th1s way, uSlng a. Socratic tutor1a1
method 1mplemented in a system llkezSCHOLAR. »

- L

L
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Collins, A. In D. Klahr
Cognltron and 1nstructlon. Hlllsdale, N. J.: Erlbaum
Assoc1ates, 19754\

Educatlon and understandlng.

ents on chapters by Just and‘Carpenter.
_HaYes on teaching understanding, skills.
»about

. Thus there can’ be"o easy way to educate p ople . to.
understand, becaus

they need to be taught both a huge'

to use that knowledg_ effectlvely 1n-read1ng.
“Co” Intelllgent CAI.

Cdllins,‘A;pand Grignetti; MI '
To be submitted to Sc1ence\_ - .

BBN Report No.._ 31_'-81', 1975.

\\.

R This paper descrlbes th
' _ bulldlng 1>te111gent,- Eﬁ
.o by sevéral sys tems 1nc1ud1ng Tutor-SCHOLAR, Map-SCHOLAR,
NLS- SCHOLAR and SOPHIE.
.:;varlety of sophlstlcatedtéchnlquescan be used for

-~

bapabilities now available for
toria CAI'systems as exemplified
whe systéms illustrate “how a

tutorlpg different kinds oﬁ knowledge by ‘carrying on
“,dlalogues 1n ‘natural 1anguage. The systems have been
developed to explore how to prov1d each student w1th
expert tutdr )

§ -~ 3
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This pdper will describe the Map-SCHOLAR system and an
experiment that compares how well students learn in

Tutorial Mode, using (a) the 1nteract1ve map dlsplay

of Map-SCHOLAR (b) a static labeled map, and (c) an
, ’ unlabeled map. The paper will also show how a rew , !
- ————— e e <
' method called backtrace analys1s can be used to N
pinpoint: the effectlveness of d;fferept aspects of
- the tutoring'strategy and ‘the map system used in the® ©
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2 | L . INTRODUCTION .~ '

- " . oo = ‘A . \ . - . ' ) ,’ - ..‘ i '
”If.computerized instruction is'ever’to have‘a large 1mpact .on

A educatlon,‘computer-asslsted 1nstructlon (CA}) systems must have the

.

flexlblllty and sklll of a human teacher. In developlng the&SCHOLAR .

r a

CAIV system' Carbonell ,(1) took a flrst step toward an. 1ntelligent

-4

) tutorlal CAI system in SCHOLAR knowledge was not stored as’ text/
-h ’ 'a’ »
J“butr in’ an lnterrqsated network of facts and concepts‘ S0 that the

knowledge could be ufded ih a varlety of ways. In short'the attempt

)
” o e

wasn to: structure 1nformatlon' llke a human knowledge,.so that the

o

program could use 1ts knowLedge as flex1bly as 2 human tutor does. , .

. oo e $ . .o 7 _/.

’,‘ , ) . . - ’ , , 4 ’ ' "‘ . . ) R
' - In th1s paper we wlll dlséussf the structuré of “"the SCHOLAR .,

"system, ‘some of tﬁ_‘ways that Lhe potentlal for 1nve111gent CAT has -

- - ) Ia

been eallzed 1n currenb systems, and flnally what is poss1ble ;n .

“'the n ar future toward bulldlng 1nte111gent tutorlal systems‘ A
. 5.
‘ . ’ : L.' " - ~ : /

. . : o ' (O _ S .
/ ' . ) . ) "; ‘ ) R . . N . - "v !
.The Context gﬁ'SCHOLAR ln_CAI'--' ’ . o : (j I

r Q
Prior to Carbonell ¢ SCHOLAR progzsfg}CKI had proceeded along -

e several lines.’ Bryan (2) d1st1nguishe hree bboad_categories.‘ In
- :

,the first, %d-hoc CAI thevstudent is. 'giVen 'ful, contro% _of’ thg,f

computer wlth a simple programmlng lang 8! and-penhabs‘a.series of:

. s
‘tasks to perfoym. mEOGO (3) pﬂov1des one . the most - interesting’

\ O

educatlonal env1ronments of this klnd and 1ndeed children learn some RN
1mportant cognlt;ve skllls in worklng w1th LOGO.  The ,-second"

.. . . ~ .

y category .- 1s games and simulation, whereu the student .learns

- < Ty

1nd1rectly whlle partlcipatlng in- the game or s1mulat10n. ‘The Piato

¢

-

~
R

A

i
L9

' - . ) ! - : .\ . N :
R . " Y . - N . .
- K | 1 : ‘J,}:t’) SR RS N . Lo




.system s-Y"How the west was won°" (4) 1s an excellent example of such..

o ‘ ) - x O S S .
',kinds'of knowledge. SR Co . . :

y;programs in thls catpgory speclfy the posslbie sequences through a ‘;fﬂ
"program, .where ,different branches- are taken .depending on ;the
'Tstudent s responses fo questlons‘ or problems.n Thellsequence a
'astudent follows is usual§y determgnlstlc, wlth é branch for each
'ant1c1pated class of responses by the student {sometlmes based on a
'fhﬂkeywprd he mlght glve) , Some 1n?enlous programs can be wr1tten 'in,_

th1s7 way; such as the Socratlc system (5) or the chem1stry programsfgég'3

~thls approach . Theg &Pdent can not use natural language 1n h1s ; :f
v N b\‘ e
N A ! A .‘ L :
responses,- and cannot ask 'any but ' spe01f1cally : ant1c1pated o ®
ES T T : # ‘ -

'of questlons, answers, keywords, and branchings._» From a system s

p01nt " of V1ew, the system.has no real 1nit1at1ve or declslon power -f7l

Kpolnty in the sequence.

- mathematlcs and other well- deflned subJects, where problems could be

BBN Report No. 3181 ' " ' Bolt Beranek and Newman .Inc. -
. . . ) ‘) L 3 ) . . .~-' . . . . i

l

a system where chlldren learn ‘the ar1thmetldloperations in playlng a

-

'Varlant of "Chutes and Ladders." Both these forms of CAI are hlghly

-

1nteract1ve, ‘but they are limited as teacthg methods “to’ ceraalnﬂ

-

",_.‘-‘ . . .- - P .. . - 2 L. . 1]

The th1rd categery Bryan "called controlled learning -MOSt’

- Pa— i -u

1
L4 n

v o

» & .

" s
in the Plato System (6), but there are somé 1nherent 11m1tatlons to |

N l K4 - . 'n

qUestions. The teacher has a- cons1derable burden in tbe preparatlon

* _
-

v e

of 1ts own, ‘nor any knowledge that 1s°ava11able other than at.. B*xed :

- B
. ]

. - . .
- E]

' _,,_0
°

+The r1g1d1ty of?thls latter approach led to the deVelopment of

"generatlve CAI" (7) | The flrst& CAI programs wen based ‘on

generated and answers evaluated by "algorlthmlq manlpulatlon" Thls

. . . n
. : - .
. i) R I |




..K. . ' X ) l -v O - . v, \o . ‘ 'A v“~ .
. . ' . . ] ‘ . R | _-M - ' tf '
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o was a maJor step toward representing a program ;\knowledge so ‘that

-
“e

it ,cou;d be . used in _a variety _of ways. But the.knowledge‘was ;

~

a s .
. - b

~
limited to algorIthmic doma1ns

. R ’ : . g‘ ' ..
. N , .
Carbonell ] contribution was to apply the idea of ‘generative

P CAI to ill defined Verbal knowledge, in particular the domain of
éeography._._Tg; do this he used4\a ‘semantic_ netWOrk -(8) for
representing"knowledge' about the world. In a semantic network{

~:1nformation is stored about concepts under different entries, much
o asdlin_.an encyclodédia,,-but .according to a /pll derined format

' ;Everyfconcept used,'to describe a given concept -can . 1tse1f . be
Ve : R . . _ )
idescribgd elsewhere in_the netwoer - Thus the program can know about
- ' B , ' ot A o
. ': every doncept.it uses.

L R

4 .

N

- : | S _
Whén_,information_tis rep esented in ‘the general format a

semantic netWOrk " -then the ] ruﬁfﬂre of‘the network can be used by

@ b € ~

different procedures to form;]

v

» .
his answers,'answer his ques}aons, make igferences.and-computatlons,

te questions to the student evaluate

¥
select new topics for discuss1on,~etc. F

-

-

‘ing the information from

'the_ specific use, it. 'is to be put makes 1t available for USe in a

uariety of ways. In this paper we will try to; show some oﬁ the.‘

power, ‘for tutorial 1nteraction> that 'can “be obtained by such anc

-~

: appnoach tO‘GAI.; N o _a h;i .,cv
o . . - B N . B . . . o . . .D.
.. The Original SCHOLAK Program o | L
- *- . '! ’ .,. . " / . ' ' c ‘ C - . v ' . . »
~‘ . i . . . "

. Figure 1 presents a sho"rtS:prot,ocolj'with;SCHOVLAR,' showing some

“«
.

6f the'original systenfs'capabilities, SCHOLAR. selected topics: on a,




,°  'SA0 PAULO.

"RIO AND MAYBE BUENOS AIRES OR SAN PAULO®" )

.v ‘ 1 . . v. ' \
N — . . -

WHAT. ARE. -THE PRINCIPAL CITIES OF BRAZIL?

RIO DE JANEIRO AND SAO PAULO ARE CORRECT. YOU MIS)'LLLED
BUENOS . AIRES . IS IN ARGENTINA, NOT IN BRAZIL.

*THE OTHER. PRINCIPAL CITYES OF BRAZIL ARE BRASILIA PORTO

j' ALEGRE SALVA?OR RECIFE 'SANTOS, MANAOS, AND B LEM. /- Ce

N

*WHAT IS LATITUDE?' S L , s

(A TITUDE 18 AN ANGULAR DISTANCE. FROM THF QQUATOR.
BE NSIDERED a PART OF A LOCATION 4.\ . o

TRUE OR FALSE? THE LANGUAGE IN: BRAZIL IS FRENCH.
IQ/AI '

s -

DO YOU WANT TO CHANGE THE GENERAL MODE OF . THE INTER ACTION O ¢

QUESTION-ANSHERING MODE? PLEASE ANSHER Y QR N.

tys . " L )

OK, MR. JONES. LET® s GO AHEAD. = - oo
*WHERE IS“BRASILIA?' B . ,? g o
BRASILIA. IS IN CENTRAL/ BRAZIL. I I IN:ﬂTHE .BRAZILIAN
m:c;m.msu)s._~~ _ _ - - o

®TELL ME MOBE ABOUT THE LOCATION OF BRASILIA?'

THE LATITUDE OF BRASILIA IS -16 THE LOWGITUDE IS -48 S s

IT CAN‘

'HgAT IS THE MOS?! IMPORTANT DIFFERENCE B%TWEEN BRASILIA AND
. RI

- THE PRIMARY DIFFERENCE IS: BRASILIA IS
,BUT RIO DE JANEIRO IS IN SOUTHEASTERN BR

INI£GENTRAL BRAZIL
'IS THE CLIMATE OF 8A0 PAULO. TROPICAL'
NO. THE CLIMATE OF SAO PAULO IS TEMPERATE. S

- . -

. - . + .
Fig. 1 -Dialogue with the original SCHOTAR . .

.

.‘,

g




- »

- o //"

L
[N - N
. N N

o BBN Report No. 3181~

-

L

\ : .
Bolt Beranek and Newman Ine.

i t b
.

ﬂimportance: When it printed an asterisk, .

A N -

/ random bas1s, we1 hte for
' "

/ t e studentn could re: .wnd te ‘the questlon by SCHOLAR direct a

.

'

questlon t¢ SCHOL@R ‘or
¥/

_the mode of 1n€eractlon, The - student returned control to SCHOLAR by:

Ay

typlngvanfasteglsk\andviarrlage return - o .._, PR

I3 1. 4 \
d .
k)
P

gns were constructed frd% the information “n

- "the semantxc neﬁ&o?vfland were.not prestored The student “s answers
-'/we;e ~eva1uated /"& ?dlfferent prgcedures w1th respect_ ‘ta‘ffthe
4 ;1nformatlon vf f 7 ‘ network dec1d1ng whether the’ particular answer
‘-was & v partly\ cbrrect,vuor- approxlmately correctz
vStudent :'5 were analyzed syntactical@y tdﬁfetermlne what
';informay;oj ];JVhf_' , and'the sehantic network searched to find

' f5the' 3 ati ,;. Rifferent vcombutations andv inferences 'were'
applled yéformation'was‘.hot stored directly . All these

.ols _ ‘
operatlo s were carriedf-}out byﬁ$ procedures!/whlch operated
n

-
.

'1ndepeh'ently of the specificiinformation‘thatdwas volved.

..

-
-

1 the questlons by SCHOLAR 1llustrate dljferent kinds\
ould be generated. *After the se€cond questlon by

éCHCﬁQbT Athe stude t changed “the 'mode of g interactlon from"

'ééue.a QOmmand ‘Such as haltlng'or chanpging

B A

t

mixed-l 1t1at1ve mo e,: where SCHOLAR aske hl questlons, tqd“'

. .
questlfu-answerlng mod_, where CHQLAR wa1ted for questlons from the

‘stupéntgé Other modes\ descrlbed ‘below have s1nce been added to

.

._SCHOLAE \ Because the studenb can control the- way he 1nteracts w1th

" the systeh he can, choose the mode of 1nteractlon that he flnds most
AT

. . ——
s
A

’effectlvéa‘ This  is one of the, 1mportant ways such- a system
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N e #/ ) . o “ . L
personalizes instfuction. - - . oA PO

. ~‘ B \ '. y . - . ¢ ) o . / ’//’,’ '

T a\student then asked a series of questlons to .clarify_ . and

1nformat10n' given- fo him hbout the c1t1es of" B
When /the ss dent wants more Informatlon about somethlng sucly as1 e
\ | can ask‘spe01f1cally what he wants to. kﬂow VOWhen’hﬁ B
doesn’t u deéstand a word such asl lat1tude, 'he} ban have it |

th1s way the knowledge taught can be geared to the ¢

1 stude‘tjjpbackground, so as not - tOfrep?at what\he already 7
his head.

to learn.

Cra tuﬁorial system é%?“éXOld overloadlng the student w1th too muoh kr
- . : T . Pl
; 1nf‘ormatlon at one time. Each plece of‘ 1nt‘ormatlon 1n1 the

/5J’tagged o-b M

netwprk .’,’

1nd1cate 1ts relatlve 1mportance. The program glves"

only the most 1mportapt 1nformatlon at any tlme, but the student can

-
always ask for more 1nformat1on if he wants 1t.

) . C é . . C = . .
ST » ' . . . . . R e
~ . - . .

- » The questlons about‘ the most//;:,mpoﬂt.ant d1f‘f‘erence between

E_ Brasllla and Rlo andfabout the clypate of Sao Paulo 111ustrate the\
\ ) S
\ abillty to uge a semantlc network ﬁo make approprlate computétlons ;-

|
\,‘and 1nferendes : In the: flrst case' there is- a,'progedure,for
\ ESa o

comparlng two things to flnd theﬁr s1m11arat1es and/or air%éheéées.

- QL;" Each pﬂbperty of the> two thlngs is compared in'-the ordér'of.

1mportance" Here the most 1mportant property on whlch the two'{

differ is found, and- élven as an answer to the student. the
LB

'second case'lllustrates a comblnatlonlof two inferences, a deduction

,thiggs
%

T, Y




“‘finds

. . - . . - -
- - . . . . Te \ < H ey !

~-potenﬁ1al ‘for tutorlaliinteraction.f

. ’ o . N ' ' . he ‘.“ / .. v \‘ .
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and a bontradiction.' Nothing = about climate ‘is™stored with Sao' .

JPaulo, “but’ Sao Paulo is in the Brazlllan Highlands which "has }a

|

"tempei:He cllmate By cbmparing. troplcal and temperate, SCHOLAz/':v

here 1s a contradlction and concludes the answer fis: "no"

There ‘are a large number of such 1nferent1al strategles that humans {

use, and anly somg of the more common ones have been 1mplemented inf'

SCQOLAR ‘But xnformat}on in SCHOLAR is ' structured in sUch a way

—

1that it is p0381b1e t specify . content-independent procedures' go"

‘. ) ! . ,' P
- . . ) .__:., . I

| : S ,
carry out different i ferencest- . . g R

ThlS summarlzes t e major contrlbutlons of the origwnal SCHQ

‘ S 4 A £
system B Theré*werewagsoiﬁeveral severe.llmitations to th ariginal
x\{ m\ ' A} A }(‘

;~SCHOLAR Flrst the 1mformat10n EE thewprognam was resg%, ted tof

SRR
-¢".. mma—'ﬁ,s: b *

a

static, venéal facts abPut geography, whlch are not’ very interestlng.

”fln themselves” Second thegprogram was qulte restrlctedv in Aits

¢
r

ability‘jto* understand séudent answers and questlons becéuse of its
|

limlted language procesrlng capabllity. Th1rd andﬂbp

o .

aps~ most.

RN
! :*‘iv-

impartant there was -

0 teaching strategy, the program merelyr

generated questlons ra pof y or answered student questlons.‘ We will

i .
jand(at the same time exg;bited further its,

','try to show how lat:;)systems have overcome some of thexllmitatlons

vof the origlnal SCHO

¢

-~
P ‘. 'f..'




v . .

Analzsis g£ Human Tutoring"\ ,
r '

14

In the original SCHOLAR there was& no teachlng strategy, but"\_'._

/-
SCHOLAR s structure made it -possible to—model-the way human tutors

71nteract5with students. By collecting tape recordings of different

tutors teaching the  same | kind-'ofuinformation as. SCHOLAR, it was

A3

possible' to 'analyze how tutors *adapt thelrw teachlng to . the
ihdiv;pual student (9) There were four cru01al aspect%*of their

tutoring strategy, that were subsequently médyiled in SCHOLAR nThey

-

~?

were: (a) the way tutors se}ect toplfs, (b) the way they . 1nterweave»

.
B

P N

/

P

|

< ¢

questlons and presentatlon, (e¢) their reviewing, and.(g) thelr error.'g

correction strategy. o A,h R
The tbpic 'selection s\rategy 'used by, tutors producespg‘a

_structure of toplcs and subtopics llke a

outl&af‘or a course. - For
example, the tutor mlght start off w1thfa quest1I llke "Do you know

;..1
»

L\

 any geographlcal features of South Amerlca°" 124329 student glves -

Cape Horn, for example, then the tutor would dlsc ss Cape Hornbfor a

‘whlle, 1nclud1ng perhaps ths Stralts 'bf Magellan as a subtoplc.5

. After coverlng the most. 1mportant 1nformatlon ébout Cape ‘Hdpn,} the

tutor, would then\'ask about other geographlcal features, llke the

. Amazon or the Andes. Each of - these would be dlSCUSSed brlefly untll

the mpjor geographlcal featuresiaare‘ coqered; at which polnt,the.-

. tutor uﬁuld pick a new topic'such'aspregions_ford“countries?:;‘Thus,,

. the 'topics and subtopics form~a”hest9dAoutiihe.structure,'with the

s
N

'
4

(M

. .
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tutor problng a lltble way into each subtoplc, and then popping up r ¢
tot'the prev1ous top1c when the 1mportant information is exhausted.
“« ) . - -\ B
' The better the tutor,’the more structure there is to the d1scuss;og¢
/ , . »" . - - - ‘ .
-f .. The way thg tutor interweaves questioning and» presentation is .

the éssence of how the: tu;or relates his teachlng to the 1nd1v1dual

student The d1alogues showed thét the tutors questlonslzoccurr’at

L - . @

* ‘the top -level and beglnnlnp top1cs in the outllne Th1s %é because

,\‘.

““Ww-the_tutor starts out ask1ns>questlons to flnd out yhat the student

already knows, and then presents new material that 1% related to the

student s/prevlous knowledge. The obJect seems to be to t1e as much

-

1nformatlon as th

it

student cangas\lmllate into the structure of hls T

prev1ous knowledg (10).

Another 1mp rt%nt asJect of the tutor1al strategy is rev1ew1ng
-k'the. d1alogu s .the better tutors went over the mater1al on.a’

he"student d1dn tfknow' the flrst :

; ‘. N
bullt up on‘ th flrst pass. - - The tutorlal method as’ a whole

* %
¥

+

»ref\;cted a strategy Norman (10) refers to as "web teachlng" \ﬁhere "

bf th‘ eacher flrst tr1es to estab ish .a framework of baslc knowledge

and hen fllls 1n more and moje detall on subsequent passes, much

,ggv N
A\ like a’ splder splnnlng a web
X ] R, P

make h oonfuslon between two o) cepts, ‘the” better tutors try to
¢ o ‘ '

) J provide d1st1ngu1sthgu progertlesw between thé concepts  for thg.
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: student,[' For example,‘,when one student confused Ecuador and

Colombia, the ‘tutor pointed. out that \Ecuador is a much smaller )
.- country and that bolombia is connected to 'Panama: By providing

diStinguishing characteristics,‘ the tutor is giving the 1nd1v1dual

. the most relevant 1nformat10n for rememberlng the d1st1nct10n in the A

- I

. e * 2ol -~}.
g future. Vi _ » : ,

. - B . ' | A .

. Tutorial Mode in SCHOLAR = | - o LT

L . oy ' B S v ' ‘ v .
Yo These four aspects of the human tutorlng' strategy © Were -

-V

: developed in a mode qalled Tutor-SCHOLAR (‘9). lee the human tutor,
) N
Tutor- SCHOLAR selects top1cs in order of 1mportance,,and. goes - 1nto

depth on those top1cs the student knows somethlng about It starts
_out asklny questlons always problng-deeper untll the student doesn t

A Y

know an answer opf the t1me is used up for that toplc When the |

student mlsses a questlon, it presents ‘a llttle related 1nformat10n
. N .o
for the student to assghllate before g01ng onto the next toplc. It ’ !

’

'allocates 1ts t1me between a flrst pass and a rev1ew pass. . On thi

v.r

»rev1ew ,pass 1t sklps over what the student,knew earller., However,
»

1t asks about everyth1ng~the student mlssed, or that Was 'presen€ed

:eanller Anythlng the studept remembers from the earller pass leads ;{“{

v

;the dlSCUS810n 1nto more depth on the rev1ew pass.' . 1%_

. .
w v

When the student suggests an answer that dlffers from what is'fj
'fstqred, Tutor-SCHOLAR tr1es> to find a. ba315 for regecting the
»student s answer.; Thls 1nvolves an 1nferentia1 comparison between f

"_g what h';,student says and~‘What is stored._' If, 1t can flnd a:




’ .
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o t e

%4 contradiction, the program p01nts out the basis . for rejectin .tpé )

. student's - Manswer plus anythlng it knows about the relatlon f the

A . .. r ) N \\

studeht’s answer to the'object in questlon. In th1s way it tr#es to

give the student a_ basis  For rememberlng the dxstlnctlon ln the

~
)

- ‘ o o . o S . i -
futiure. o _ S : . ; -,
. . L} . . . ) : .

;‘ ., . ; X 5 A, w0,

: ! _
\ Flgure 2 shows a transcrlpt between Tuter-SCHOLAR ang a ’inve

- b — N :

- student who was testing out the system. BN shows the klhds of

rmlstakes SCHOLAR makes in language;yﬁderstandiﬁ_“—But it also shows
.
the 1nteract1ve flavor of SCHOLAR w1th a tutorlng strategy_dlreetrng

-

the conversatlon. R o Kt -

\. ~ . v
~ﬂ”{sttematic'Evaluat;on‘gg Teaching,Methods, e
q.l;".. ‘ B \/~a R -, . -

"

\

Because. the 1nformatlon ;in' SCHOLAﬂf\ls “distinct from the

procedures ;used for' teach1ng thaEmTﬁTormatlon, it 13%6/ss1ble to B
éflvvary the‘teachlng strategy whlle holdlng the 1nformat10n ‘constqnt.'
3 ',I. mThls makes;@it poss1ble to compare dlffere:tjheachlhg methods 1n'a

‘ B systematlc manner. To evaluate the effectlvenessv~of Tutpr-SChdLAR -
‘.we -compared it to'/a teaohlng strategy der1ved from programmed

1nstruot10n, whlch was 1mp1emented in a mode called Block SCHOLAR

Block SCHOLAR selects top1cs in the same order as Tutor-SCHOLAR but d:

unllke Tutor-SCHOLAR it -first, presents materlal and'_then asks
questlons about the material presented‘ . " S .; \lf
S ’ T r- S " : Y . ' o
R .

Qhree experlments were :runﬂ to compare Iu£0r~SCHOiAR and, '
Block-SCHOLAR (11) The: compar1son was made by teach1ng students .

the same. doma1n “of 1nformatlon w1th the—two vers1ons_of SCHOLAR,’ ndjf




LET°S BEGIN BY TALKING ABOUT THE LOCATION OF BRAZIL. T
OR FALSE? BRAZIL IS IN NORTHEASTERN SDUTH AM?RICA :
; W

| #THAT IS FALSE® L o \

. L . ¥
NO. BRAZIL IS IN NORTHEASTERN SOUTH iMER
THE WESTERN,

EASTERN COAST OF BRAZIL IS THE ATLANTICL T
"THE SOUTHERN

gﬁEERING COUNTRIES ARE PERU AND COLOMBIA.

S , BORDERING COUNTRIES ARE URUGUAY AND ARGENTIN v
o : °

’ ' i

: . Because the student missed the quea:;

s C some ‘related information about the %
and then goes on to the next top‘l.cl

NEXT %E RE GOING TO DISCUSS THE ToPoGnAef BRAZIL. THE

PRINCIPAL RIVERS OF BRAZIL ARE----;

t ,""
*THE AMAZON 'AND THE ORINOCO LI

_ THE ORINOCO. IS iNt'VENEZUELA AND.
COLOMBIA, NOT IN BRAZIL. THE OTHER. PFINCIPAL RIVERS OF

" BRAZIL ARE THE TOCANTINS THE SAO FRANCISCO THE_RIO NEGRO, -
AND THE MADEIRA. _ Lo .

oy “THE SAO FRANCISCO IS IN EASTERN BRAZIL.1 Iﬂ IS IN THE" . : | I
i BRAZILIAN HIGHLANDS. ' THE RIO NEGRO IS IN THE°AMAZON JUNGLE. "
- ".  IT IS IN NORTHWESTERN BRAZIL. S

* o . v

’ THE AMAZON IS CORRECT

- . St o

: ' A~ ERE
h o " Because the ‘student knem abaut the Amazon, SCHDLAR takes
: ' it up as a toptc for a mhzZe. - ‘iL‘ _
.\(,'

. . : : i Ty eP

CORRECT OR INCORRECT° THE AMAZON Is NAVIGABLEM

e

*POSSIBLY YES* ' L.

NO. THE AMAZON Is NAVIGABLE. — ?bﬁf.ﬁf:ﬁﬁi S

"SCHOLAR mzsunderstood the "posstbly" and treated the o % )
. answver asg mz-ong ' 4 N N R L
- P 4 . . - . i \ : ‘2 ‘, . C x‘f ) . ‘ .

-?'.,' 'o,.

+ THE AMAZON IS IN THE AMAZON JUNGLE. IT IS IN BRAZIL AND

.~ PERU.

THE PRINCIPAL TRIBUTARIES ARE THE .RIO- NEGRO THE

AND THE

- MADEIRA,-THE TOCANTINS, THE TAPAJOZ, THE. PURUS,
- JURUA. ‘ | RN

.¢

‘HHAT 1S .THE LENGTH OF THE AMAZON?

PR A

o .. . o e w0 T v . R .
. - ~ . AR N t oA 0
. . ¥

. . . ) . . - - O - -
> R . . . y oo
. - . . IS . N N B . .
. . . .o B ] oo
i . - . - X - . . . o [
. . . - . - - . v . N . . . v d NS L . .
)




" e1s THEIAMAZON'A LAKE?# | . S e

" 'ARE THE ANDES IN BRAZIL?’

"I DON T KNOW IF THE AMAZQN IS A LAKE BUT IT IS A RIVER.

. - . . . .

*

(/CHOLAR found that both lakes and rivers\were water, N a
zt couldn't reject the idea. . o o0

NOW YOU CAN EITHER ANSWER MY SRESTION OR ASK A NEW ONE.

®WHAT IS THE QUESTION?# P U

‘-HHAT IS THE LENGTH OF THE AqAZoN° ST
ﬁf . " .
" NO. THE'LENGTH OF'THE AMAZON IS u~ooo RILES; ;; o ) I

1 . -

Havtng ezhausted its. aZZotted time to rzvers, SCHOLAR A
went' onto the next subtopzc under topography of.BrazzZ. '

N

THEAPRINCIPAL'MOUNTAINS.OF BRAZILvARE ,;g-.

- ag AM NOT SURE ARE THE ANDES IN BRAzIL?* - .. T S
"IN WHAT YOU SAY, I DON'T RECOGNIZE THE WORDS "I", AM" AND - SEEN

"SURE". TRY AGAIN : _ } L T A

NO. THE. ANDES LARE" NOT "IN BRAZIL BUT IN VENEZUELA, e

- COLOMBIA ECUADOR, PERU, BOLIVIA CHILE AND ARGENTINA.

FEEL FREE TO ANSWER THE QUESTION YOU DIDN T ANSWER BEEORE.
‘BRAZIL HAS NO MOUNTAINS.,,

NO. I DON'T KNOW WHAT YOU MEAN BY NO. THE  CORRECT ANSWER

IS THE BRAZILIAN HIGHLANDS. . , o R
SCHOLAR didn'$’ understand the answer, ut proceéded quite \ .
reasonably. , ‘ o .

- ' | , . .
THE BRAZILIAN HIGHLANDS ARE IN SOUTHEASTERN BRAZIL THEY ~ - . .
ARE NEAR THE ATLANTIC. : S e : -\‘

: T : .o R
WHAT IS THE PRINCIPAL PLATEAU OF BRAZIL? . : L '

-~

-‘The dialogue continued drvvusszng dszérent aspects of . . .
- Brazil, but we will break here to the begz nzng of the e R TA
N neaond paas. _ - ' 4 o Yoo
) , A ;+«\\

Fig." 2 Dpialogue with Tutor-SCHOLAR (cont) y
13 D
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s ' ¥ ~? Y " i .
: /’ . - . ] ‘ ’ . ) :
: ’ 14 N (7"4;5 MERTN

PR

,if THE WESTERN BORDERING COUNTR{ES OF BRAZIL ARE “",'

i . “ * : * ‘ ,
R | .
.,,_
S s ".-p K
NOW WE WILL GO OVER Tﬂg MATER AL . AGAIN. LET'S BEGIN- BY |
TALKING ABOUT THE LOCA LON OF ‘s RAZIL. - P ,
PLEASE INDICATE IF. THE FOLLOWING' STATEMENT .. IS CORRECT OR
e NCORRECT BRAZIL IS IN WORTHEASEERN‘SOUTH AMERICA. ) .
‘-_[/iTRUE* o - _»ﬁ. #% l L f—;._-' o | ;‘i :
,>;' THAT °S RIGHT.‘ BRAZIL IS IN NORTHEASTERN SOUTH AMERICA. N
5 J{"'tk' Becauseon this pass the student was eorreet SCHOLAR b' .

“asked questions about the tnfbrmatzon that was. presented on
- the. fznst pass./ et L4

v ’.w E \

“THE EASIERN COAST OF ' BRAZIL is ---:;4 L -
. S : B
"*ATLANTIC SEA . N S o

- VERY GOOD. THE ATLANTIC 15 COBRECT o ‘t.@:g- .

[
7
oA
'
.

~
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igmeasuring tgelr learnlng by comparlng pre‘test -and post=+ test scorés-

i ’

-on the mater1al covered. In the . three experlments, Block-S:?OLAR: 2'

was systemat1cally converged toward Tutor-SCHOLAR in ., erd r
o ‘e o R

-
-~

;ﬁhnpolnt what aspects of teachrng' strategy -affected student‘s

@karnlng v Tutor-SCHOLAR .was s1gn1f1cantly more effectLve 1n the

» -y
Pt

r1rst two experlments, and nons1gn1f1cantly ”fn:gthe thlrd " The.

»
fsults indlcated that the magor factor affectlng student s learn1ng

§

was - the strategy that tutors ;u;e of rev1ew1ng tthe materlal Aind'

.9

o the.

«greater depth on aﬁ second pass f Allow1ng the students Zp ask

-questlons, and the tutorlal strategy of relat1ng new- mater1al

¢ re

| Student s prev1ous- knowledge contr1buted a smaller amount to the

-:greater effectlveness of Tutor-SCHOLAR : '“5, f-lg“

The fact that: SCHOLAR can be used to test part1cular aspects of

o teachrng -methods makeSx"itﬂ potentladly va;uable tool for

,educatlonal~ research- '.The poss1b111ty of trying oub\\b:::gle

--T~mod1f1catlons 1n teachlng strategy to see their effects on st t’s
S _ : #
. learn1ng rate 1s un1que. Human teachers .of course .can! mdke such

amodlflcatlons 1n thelr own teaching’ strategles, butathere is no way

to control all the other factors that m1ght vary' as- they change' "

»

strategy However, aany spediflc verslon> of SCHOLAR 1s a fixed. .
. ‘ I .

system, and so-an unbiased compar1son can be made us1ng any ‘number

of subJects In th1s way the accumulation of systemat1c hMOwledge

-about, teachlng methods .can occur.~“ . ﬂk-' R
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Y

; One qﬁ the llmltatlons of the orLglnal SCHOLAR was that it was_
restrlcted to, teachlng verbal facts about geography. The SCHOLAR"

- system ltself has been extended t&' encompass two other klnds .bf

. knowledge‘. v1sual knowledge about maps in- the geographn domaln, and‘

A

) procedural knowledge about how to use a computer text-edltl_g_ﬂxshem_—————

Lo called NLS (12) A related program called SOPHIE (?3) tutors the

' dlagnostld skllls needed 1n‘ eLectronlc troubleshootlng 3In; th1sr‘

sectlon we w1ll try to shoy'the generallty of th1s approach to CAI
. ‘ oo
and also .some of the speclflc adaptlons that have-;occurged .in -

- applylng it to dlfferent doma1ns of knoWledge.-'

. . [ X . . LY
’ g . .

N~_u&ghing iisggl Kngﬁlegge T

In order to explore the tutorlng of V1sual information“fin an

1ntegrated t manner ‘ with . verbal ' informatlon, .we developed a .

e L

Map-SCHOLAR System (1&) The system can d1scuss w1th the ,student
',.dlfferent maps that changeadynamlcally accordlng to the context of -

" "the discuS§ion{ To do th1s ‘a graphlc structure was created :whlzhﬁ L;g;
. ’ . ﬁ\ﬂ'"- . .: :

l‘paralréls the structure ,1n the semantlc network. The elements 1n_

/ the map d1splay therefore can be referred to elther by the1r ~name, '
y .

orw by. p01nt1ng to them, or both Map-SCHGLAR both asks and answers

: map-related qdestmons and prov1des relevant map ;nformatlon when the[,V
student ‘«makes : 5'; mistake. pl has all the capab111t1es ofs

Tutor-SCHOLAR wlth the addltlon of the map capabllltles._'i 'I{hy- ”°"

o \-hy'\ g < b
e . ' ’n - . . . . ) - ('
. : .o . . T . R . .

IR AR S A Rt
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Figure 3 lllustratesi some of the yﬁariety' of interactions ' ‘

'

fpéss1ble. vw1th.‘ Map-SCHOLAR 'The flrst ~pamel -illustrates how‘

.'Map-SCHOLKR'asks map-related questlons, e aluates the student's
' B

ahswers, and corrects his m1stakes. First, the dots 1nd1cat1ng the

;.locatlon of the c1t1es appear unlabelled on the map of Bra21l and‘

JBtart bllnklng. Then SCHOLAR askq fhe;studeﬂt*torname“th""b11nking

cltres.\ When he responds, 1t tehls h1m whlch -answers were correct r

and pr1nts the1r names on the map. Because he erroheously gave L1ma
a

‘.as an answer, Map SCHOLAR p01nted out that L1ma ishdin, Peru and ‘

R

-showed where L1ma 1s on the map Thus Map-Scholar glves both verbal"

and v1sual feedback to help the. student learn the material.

o
.- .

, i i ) . ..,'
° LA

The Second panel shows how context affeots thef map dlsplay.

: The'toplc 1s the Amazon, wh1ch appears in th1s context on: ehe map of -

— .
’ .

';Bra21l the overall toplc. The questlon asks the student to’ p01nt'

‘bat the cltles along the Amazon in the order named. The dots for the.a

~answered do the labels appear,1 Unllke the flrst’map, thls map showsw o

'three c1t1es flrst appear unlabelled,.and-only after the student has

- only the citles on the Amazon and thelr relat;on _to the Amazon.

'“There ‘is also expan31on of detall so that a city 11ke Bel;m, which_

lwas not lmportant enough to be 1ncluded among\the clties of xBPaZl

-

- is .1ncluded w1th the subtoplc of ~the Amazon. Because the4map

H‘L

Zchahges dynaﬁfcally as . the context changes -and as the student o

N S .

interacts with the system, the . students attentlon 1s focused on the

»

‘relevant 1nformatlon exc1u31vely and questxons can"be" posed in .a

V1sual form not posslble w1th¢a stat1c map dlsplay.~

. Py
[ ,.M [ ? i_ -
) w T ' . o : Ny
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\ Now LET'S SEE WHAT YOU. mvrmuamz ABOUT THE CITIES OF BRAZIL. . ’
, . PLEASE NAME THE PRINCIPAL crrn:s OF BRAZIL NOW ‘BLINKING . -
4 ON THE DISPLAY' SCREEN. . . . *
*MANAOS Sho PAULO AND LIMA* - o -
° ' MANAOS AND SAO PAULO ARE connzc-r. LIMA IS IN PERU, NOT IN )BRAZIL.
THE pmucxpm. CITIES OF BRAZIL ARE BLINKING on THE SCREEN.
, - RIO.DE JANEIRO IS IN SOUTHEASPERN BRAZIL. - .
N ‘IT IS ON: GUANI\BARA BAY AND THE ATLANTIC. ’
'BRASILTA IS IN CENTRAL BRAZIL. ™
IT 18 mg FROM THE OCEAN.
S .
X ’ ) ° .
) W ) ~ 0 ‘ i a °
PN X - -
; LR & ~
. ﬁ\ ’ . s o HANAOS ' : . *
. . - ‘. RECIFE
>
{ . -
. Lina v
. : . .7 o ORASILIA
sR0 PAULO,* 840 DE JHETRO
N > ' . .
o . . | o ffoRT0 pifcre -
1[ . ° L\ 7, ) .
v * — ) o o L ]
) , ’ . ) a v v , L
, . ' K - - B ,
e 3 » . . -
. ' 1 - J v v
. » 2> ’ L. . . |
N . f-\ ' B .t ’ . . : |
e N - - ) ‘ . . ) ‘ ’ ‘
' Fig. 3 - Interactions with Map-SCHOLAR. : v
_ 18 " ‘ )
EMC _ . ' ' L] ‘\ ‘
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PLEASE POINT .TO THE FOLLOWING CITIFS OF THE AMAZON - .
N THE ORDER IN WHICH THEY APPEAR BELOW:

v NAOS, BELEM, AND IQUITOS
ON'T FORGET TO LET ME KNOW WHEN YOU ARE FINISHFD. . - .

PLEASE REMEMBER TO TYPE AN ASTERISK * FOLLOWED BY A

RINGE RETURN,

. . . N - - : . : . v
T : e . . .
! ' ' . . t. \ -

MAKAOS IS CORQECT. YOU DID NOT POINT AT BELEH AND XQUITOS CORRECTLY.
THE\CITIES OF THE AMAZON ARE’ BLINKING ON THE SCREEN. R

" g .o oL ) .7 R Y v
L ]
o0 ] r~8ELEN ' !
. : Da\__ - i ' o~
o MANARDS =t ' .
} e
7 -
) - ' s . - .
. o, 4 ?
- »
g 1
» -«
-\ ' i{” 4
f . - \
I , / <o . . 'l .
~f 1 ‘\. :’/ .
’ 1 -, o
v L. \
~ [} i ) N 4 -
- . o -aé.’L.
N I‘ . ; ?
,; ° o R T T T e e T e N
N N ' : ’ <
N )Fiq. 3 InteractionS with Map~SCHOLAR (cont)
L B . “ . . ! !
] i ‘ ' . ! ’ .
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r ' .

\
\ T'SﬁB\CiN.BY TALKING ABOUT THE TOPOGRAPHY OF VENEZUELA.

\ THE PRINCIPAL  LAKE OF VENEZUILA IS BLINRING, ° PLEASF NAMFE IT. ©

.
4

T
"I DON'T KNOW* _ : _ Y
THE PRINCIPAL Lmlor' VENEzugL'A' IS~BLINKING ON THE- SCREEN. ‘Q +
A - : -.E:;t\
\ LAKE MARACAIBO IS IN NORTHWESTERN VENEZUELA. . ' ¢
THE PRINCIPAL MINERAL IS OIL.
*IS 'rnxs couu'rnv commnm?* . v
433,_'11&:1-_3 cc;,gun:[n - L
WHERE S THE CAPITAL OF VENEZUELA?%.
CARACAS IS BLINKING. ° ‘s
- - 1 [3
’ . [
, ‘ . S ’
L4 - *
"‘.
L]
. “'
t (=3
" ,
—— V #U - e ' v
N L A -
. : Yoo tmien “
D - . N '\\\
LY . * N :
ig. ' g
- . ...)
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. The third panel shows the system’s potential dror tutorial"

interaction. When the studént didn“t know about Lake Maracalbo{
Map-SCHOLAﬂ showed it on the _screen and added the ,related verbal

~1nformatlon about the 011 there. The two questions by the student

VMap-SCHOLAR to e¢larify or ampllfy the 1nformation given. (14) lThe

t

1llustrate some of the yarlety of questlons the stUdent can' ask

Coar

- ._.t\_-,

first quest;on 1nvolves both p01nting at ant namlng Colombla to ask

1f that is the country near Lake Maracaibo. The second question

-0

. shows’, another klnd of map questlon.‘ The subJect verbally asks where

» - e

the capltal of Venezuela 1s, perhaps to find out how far away 1€ 1s.;

\

SCHOLAR flgures out semant1cally that the capltal is. CaraCas, 'anng

T Lo

-.wy

double square)‘“ These examples 1llustrate some of the' power‘ for
tutorlal 1nteract;on 'that can be obta1ned by a close 1nﬁegratlon

,.'- between semantlc and v1sual knowledge.

-

There» is now substantlal Ievidence in .-the4 psychologlcal

e * ) N

literatures (15) thét people remember 1mageable mater1al better than

nOn-imé

for rémembering (16), 'they remember any. glven 1nformat10n better

than 1f they use other strategles. Hence the fact that 1nformat;on

A
0 ise presented v1sually should make 1t more memorable. , . B
Ty . e . , . . .. L B_
| , _ .

Y ' '
As Colllns & Qulllian and Norman (10) argue,_the best way to

°

learn somethlng ls to relate 1t as much as possable to whatever

* - )

S i' like the fact that the- Manaos has a trop1cal cllmate, w111 be

(‘- . . R - - ',(’-. R . ’ . . . . -

eable mater1a1 Furthermore, if they use 1mage- strategles» 3

-

then v1sually shows where Caracas is by,bllnklng it (1t is the QV,'

o 1nformatlon one already knows. Hence, even non—v;sual “hformation .
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learnedjbetter,,lf;one can see where.Manaos is. This is grue for

Q

© two reasons. F1rst because when Manaos is located v1sua11y, it'
w111 be remembered bet'ter, and so facts that. are- related to it w111
. also be remembered better.- Second 1f a student sees that Manaos is.

._on the Amazon, then 1ts climate can é&ated to any 'knowledge
about the c11mate of the Amazon. Thus, infqrmationwthat seems not

visual

-

-

context" For “these reasons we expect the map fac111ty, to have a
X

substant1a1 1mpact on how much students learn. ". T ° :
' . We have conducted an experlmsntal evaluatlon of the map 'system

N

: ) [/
using the comparatlve method described - ear11ervs(11).. Thehtest

N )

<

compared student.s learnlni\w1th Tutor-SCHOLAR using'the map system

,' vs. a‘labeled map vs. an'unlabelled map. The exper1ment found an f

advantage of the map . system\over e1ther of the stat1c maps. We are
R, 2 _ T
gﬁlng a technlque called "backtrace analysbs" ' wh1ch involves

comparlng the 7pecif1c 1nformat10n each. student learned with how
&thet 1nfoﬁmatlon was discussed, in ‘order to p1npolnt what aspects of

e

the map system led to better learning by. the students.

[

<

Tgtoging Prgcedugal Knowledge:

NLS-SCHOLAR -(17) is a prototype system to* teach computer-nalve .

: people ‘how to use the. powerful NLS text-edltlng system (12) This :
teaching is accompllshed by present1ng a Sequence of lessons. ;'
Durlng each lesson the student. may Anteract with the system by

asking andianswering questions, performing'tasks'which are posed Dby

o
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°

the system,' and performing ‘tasks of his’ own choos1ng. Tasks'aré“

bexecuted on an actual NLS sy tem. . Those tasks which have been posed_
.are evaluated by the system,;and the student is given encouragement,
- o L f T . C.

_.advice,‘agd.assistanceﬁ'. T .

e . ’ .
N E]
)

)-NLS-SCHOLAR has been'd signed uith the;belief that"procedural'

knowledge » is best learned ‘by doing . It lS an example (18) of a

R Y

4new kind of CAI system th%t 1ntegrates systematic teaching w1th

actual practice, d.e. one whtch can keep a student under

[

"1mtelligent" tutorial su ervigion ﬁhile allow1ng him to try out

'what he 1learns on thq\t:ry system he is learning about : Thus the
system "knows"rwhat the st dent 1s doing‘ and can point out his'
: rul ‘. : ”
- mistakes, givevspecifie help, show him how to do. things and even do

S them for him. - | f,f e . . R o ..’

NLS SCHOLAR delivers a series of lessons designed for gradual

ey '

,understanding “of J%S concepts and commands. W1than these lessons,s

. the system pauses to ask the student questions and to propose"

v -

editing' tasks for him to perform using NbS A student s responses'

to questions and his performance of tasks vare- evaluated by the,v

.system and 1f he makes an. errpr, the nature of his mistake is

-~

pointed out and appropriate action lS taken. For example,-tif"a(’

ﬂquestion lS answered unsatisfactorily, NLS SCHOLAR propbses another
. \ .

question of the same kind..'If task is performed incorrectly,

‘depending on the magnitude of the error, NhS-SCHOLAR either resets

¢ 0 R

it for the student to try again, or asks h1m to proceed and 'try to + -

fix his mistake, aided by the information NLS&SCHOLAR prov1des.

%
- - .

. : . e =t R . N . .
.oa T ) R . . . » .

v
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f'The use can formulate' requests in »relatively 'uncgnstrained

L] <y

nglish. The requests can be questions about?ﬁﬁF_concepts or'aboqt
L he state of his work r%quests for: help in doing:a“ task, or even
_NLS commands ~expressed in English. The system is ?aware" of what

$he user;is‘cnrrently doing so that\his requests for help ~can: ‘be

nsw ergd:'within the context of the problem he is working on. .Thus}_p
NLS- SCHOLAR not only tells him "The - genera .'.‘-. e - " __but

1 ';lSogWIn your case, what you should do.is..."

Lo 3.

3:';.NL -SCHOLAR has the ability to use the NLS file a ‘studentfwis‘
' rrentl.'

working on to show him how to perform editing actions'.

» ¢

. o Thej"rawor of NLS-SCHOLAR is best conveyed by an annotated'“
o protocolyi hown in’ Fig : oy, which was obtained on- line us1ng‘a .

-,version'ofk he system. In the course of a’ lesson,q students learn
. 1 L3 . . . »

" the éontents of a menu .t? 'performing editing-
nt

The protocol starts fat poi

to load themf‘print-them, delete and insert statements, etc. He is

about to ftaught how to use the Substrtute command to effect a

Notice that what the student actually typed is .

underlined andw hat our annotations appear in - 1talics. | ,.-r-ﬁ)

The capabi' ties.of NLS-SCH‘OLAR‘allow students to learn from.

earn

by doing, and learn by asking questions. Their"

well along in the_'“»'




; AN ' hY
A ' " » . - ‘ ‘
' BREAKFAST MENUL ’
1 JUICE . ¥
1A ORANGE . :
) : " GRAPEFRUIT . ® .
2 ' CEREAL e o : . ,
. .2A  OATMEAL . - - g s
.. 2A1 WITH RAISINS : : . ' : RS
_ 2B CREAM OF WHEAT - ) SR g O ' S
2C CORN FLAKES = - ) e 7 LY | AN
‘3 EGGS - 4 L . e L
34 SCRAMBLED S L - : i
3B, FRIED i o : . ' ' — g
"3B1 SUNNY-SIDE-UP . - . | - E ol
g ... 3B2 OVER-EASY L ' ~ R
— —3C - BOILED - i " R U -
. -, 4 BEVERAGE - : - ‘4;
- v 4a HOT“CHOCOLATE ' N . - . . W
4B TEA S A R - v
- 1} 4B1° WITH LEMON, S ' =
o -4B2 WITH SUGAR?AND CREAM S : : . . v ,b -
. ' uc COFFEE - o T - S B
3 . B .‘ . . A : - . MC ! _ o .
. N . (
W,' | P L. ' J
B o SUBSTITUTE WORD IN STATEUENT o
- . Before we end this lesson, I‘d like to show you how to change the N
- content of statements which have already been inserted ln your . flle.u,'
‘You ve learned'how to correct errors by deleting an entire statenenh -
and inserting a new onhe in its place. The. :Substitute command may be::
‘used to change JUut a word or even a single: ‘charatter at a txme. For
example, here’s how you can change a wvord in statement 2AT 'so- that uﬁ
reads ‘WITH DATES 1nuhead.of WITH RAISHiS. = ] . g,l
! . L e S .(’ _
) | R | ,
- EDIT C: (Su Jbstitute C: (W )ord in. C: (S )tatement at -A: (281 . -
g ©O)KCRY); T - S s —
- <New WORD> T: (DATES)(<CR>), - . L L ’
' €01d WORD> T: (RAISINS)(<CR>); . . = . e e TR
‘Finished? Y7N: (Y) OK: (<CR>),»~ e o
- Substitutfons made: 1V T
EDIT C: (Do )ne OK: (<ca>). e e T S T
I ' o S
HLS-SCHOLAR nerfbrmu a canmand for ﬁne studcnt muen as_g e
human tutor would by leaning over tie gtudent and typing ~— @ - —_
the command on the student's terminal. Parenihascs enelose . -
-what_ the "tutor" actually "tupes”, separdting it from, bL o L _
_#cchaco and -responses printed by #LS. L Y S
- &CR> ts just a sumhol to denote that the, "tutor“ dcpresced S .
the return PeJ. The »emzcolan ~“-HLS'9 acua to <Cit>. e o
. SRR , (r»,_:w_ e : R nw R - L
~ ; I
B Fig. 4 Dialogue with NLS-SCHOLAR f -
*- ) ‘ -‘, ‘

L
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. SRR o A

= “j . - ’ ‘,f T R AR ’
Yog ‘can see that I°ve Spéleied that I want to substitu&e one word 1n
statement 2A1 for another; the new word DATES is to be-ﬁ
substituted for the old word RAISINS. ~
(There is no reStriétion that the items substituted. Jor .
. one anpther .be of the same le@gth ) . ._. L ‘ - :
" T6 do this 1 typed only ‘Su 'S 2A1 &CR) to prodﬂce ‘the. flrst 11ne- "I
typed °DATES <CR>° and “RAISINS <CR>° to-prdduce the.second and third'
_ The remalnlng eharacters are all printed by NLS o N _ [
o |
<NLS asks Fin1shed° s1née more than one substltutbqn can be made at a
time. If I had typed ‘N’ for no insteaq of ‘Y" for yes, ‘it' would have
prompted for another <New NORD> and <Old wonD> pa1r. - ‘ .

ARY
s

ILS asks Tor rurther confirmation with OK. R
to which I responded w;th a <CR>. -,

. ' '
§ v

{ R
Hhen the command has Yeen exeguted, NLS tells how ndang substituhlong -
have been made. If'there had been two instances of RAISIHS im o
statement 2A1, both ‘would have been chanred to _read  DATES. R

Statement 2AY is now the‘cuprent statement. ‘Please p@?ntgit. ;

K -_ . » . : . ¥ 5 e .. 4 ' ’ v : .
we . » Student typing ia underlined. N
TASK 41 - Y " *  The student confuueu thn \ command, unzéu -
N printse the current sta&cncnt witi the / commanq
EDIT C: /@ L ‘that shows the currcnt- postt;on of the econroi
==DWITH DAT . ' marker.  Realizing iis. mistake, he fumblau“wzbn
"EDIT C: 1_ . the otiter one-ciaracter commands he can .
2A OATHMEAL . - o remcmbcr. First he tries + uhich prints the
A : ‘previous statement (21), and ﬁakrs it bcbomc
. . the currcnt utatcment.
EDIT c:—% . - . Vext the student dcprerocs the LIVF FEFD L 3~¢
- . - - key which echoes as 3, giving him tie nest IR
. +  2A1 WITH DATES : statencnt ( A1), makzna it current. ot ' .
EDIT C: QQQQ_OK. H . . . - B .
You printed too many etatements. o  The task i&‘ébaZuaécJA:ﬂ ' :
'This is what I wanted you to- prznt. P o S ~
2A1 WITH DATES n R St R
" : . A . * » . . . o ) E V- . S 1 " ' I. ‘v‘.‘,
Please redo just the prznting j;",i " j\.’? "_; o e

———

- part of this task. Your file 1s unchanqnd.
NLS-SC”OLAP is reallq detcrnzncd to. get the studbnt to revzcw
hau to print the current statement. - oo

4 f ) 0 ) : S . . i ."., . . EE
. . ’ . o - oy . : . ) - ' . P




T

g THE USEN PRINTS THE CURRENT STATEMENT USING’THL ~:‘ ' T | -*-.

',continuation of TASK 41

“EDIT C. _®What conmand prints the current s;a;ﬁment°*

“ + . . Y . -

N COMMAND. > ‘ E I ¢

. t
‘Fatlznq to rpmanber the appropriate one- cuaractor command
the student .gives up and asks for help..
Questions cdn be asked anyt»neatt ts tne student's turn to the.

Eo

. . . . + . . i [

3 NL5-SCUOLAR answers thic questton by retrzcvtng tnformatzon Sfrom
' *its own znternal, dpsarzpttve data base ' .
.éontlnuatlon of TASK:N1 | '
EDIT c:'a_ Lo A
2A1 VITH DATFS . . = : . s )
o » EMT c one OK.-; . . ,'e ., . ‘/ - ) J_ h " ' _“ - \’/.' S
) QUESTIONS? " . ‘ _ . Lo S
,.2— - . 4/ o
: fhe~atudcnt ChOOuGG &p auk no queftiona at ‘this time.
'Try the Subqtltute command yourself by sub titutlnr hhe word - . - s
- OAT for CORHN in hho statemcnt contaxnlnr "CONH’FLAKLS" Lo .
:> | . R - t “ .. -‘_.‘ - . v‘ - . .‘ v. ’..v‘
TASK 42 S ‘
. . " . R < f‘vy ' . ‘.~
" BRIT G fipat gtabsmeny comerr :
\ . . . - . . ) ’ - .
THE STATEMENT CONTAINING “CORN“ IS. - §
a2c CORN FLAKES ' ‘ BTN , ] N
. - N . ) |
J%c student wants to know what the correct rtatpmcnt numbcr is
" for him to type. The system obtainc the answer by.acthally
» . looking into the studeni's work space -- ‘the answer is not sbaroa
o. ~-(it cannot be!) in the infernal. daoa. se. . ” :
N The sysrem interprets carrcthJ nios f the common
. ‘parapurases of this type of questzan, e. Jg. Lo
, "what.is tie statementi . cantazuzng e
» "Yliat statement contains ..." o - L oy -
Ca “Where 25 .,.", ete. D ;,. , . L R,
- a K}
. . _N
) A v \ )




Al

a . . ~ ) . . ) . ' B :
: J - : a . R -

_ continuation of TASK 42 |

EDﬂT Ci Substltute C: Word in C: Statement. at A: 2C;
v <New UORD) T: CORN' . B
“'\ <01d WORD> T: OA&T; - - - cod
Finished? Y/HW: Y OK._; ' : :
. \Subotltutlons made. 0
EDIT C: Done OK.

B ” ";‘;I!
}\f . . The studant switeches around the new and thc?.*

80 ne change is madc.

.~
-

o You should have ‘altered the file . NLS-SCHOLAR shov
.. so that this part.of it “what the result

- . 2B CREAM OF WHEAT . i should have beey

a0 rnnn RILAVES - R
e -

he studcnt
#t”lo command
1f he had ‘
e k- earrccilu'

& -2B CREAM OF WHEAT B _ of the La,h. 5

T oitivioo

3. 6. R . as opposed to": ‘result. wnzcn
o ‘ - he obtaine:d. LA this -
o co o . information,’ Cstudent /f
would look like this: o ean "debug" i r/pcrjormano

e 2C OAT FLAKES . :
) 3.-->.. ! . '_ o *“

" But you did rot alwer the file.

Please try to repair your o S
* mistake. The file is as you left it. =~ .

..continuétipniof TASK 42
; EDIf C: # »w_dot n v‘o.ﬁhis?*_ , . The. stuﬁ'nt L&»Zost and R
T ) : v o asks fqﬁ heZp | :

74 4

THE USER TYPES SUBSTITUTE FOLLOWED BY ‘WORD 3"
“STATEMENT°,’ “2C°, <CR>, ‘OAT’, <CR>, b DO
‘CORN * <cn>,. “Y’. <CR>. °‘DONE-, AND <CR>., A -
. - o o 'NLS—&&HOLAR can show him. what
o ‘., ’ ) . . to & Q wezz aS... ’
contiinuation of TASK §2 i e b |

i
."i

ct!'vaZy do zt for him!

N N
EDIT C: *Please do ;tifor me* - -
’ v_ L _ : ’ . S g
£ .

EDIT C: (Substitute ) C: (Word ') 'tn cu. (Sthtément ) at A: (2C)(<CR>);
<New WORD> T: (OAT)(<CR>); cAE Ty - .
<01d WORD> T:- (CORN)(<CR>);
Finished? Y/N: (Y). OK: (<CR>);
Substitutions made: 1 N
EDIT C: (Done ) OK: (KCR>);

~

e
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»:t.' N

tlght 1ntegr tlon w1th1n a worklng env1ronment makes NLS-SCHOLAR ‘a
. Vol . Cee :
powerful tut‘r1al CAI system. 4 ,
| ‘."“«' ~ ‘
- N ‘ R . . - ' : . . ¢ ¢ t o
Tutoring Diagnostic Skills . - .- <o '

'Y* - SOPHIE (13) reflects an attempt to extend Carbo”e‘l

e rpose of encouraglng a Mlder range of

to mimic"the

. - - . \ 3
-ugimfwith critiques)of h1s current solutlon« paths, vand .generatlng

diverse capahilities of

m1xed-1n1tlat1

‘ves. Unllke prev1ous tutor1al systems wh1ch attempt

student 1n;t1a
yroles of a humax teacher, SOPHIE tr1es pO create a'

»

"react1ve" env1r nment 1n whlch the student learns by tryrng out h1s

1deas rather than by.lnstructlon To this end, SOPHIE ;ncorporates

iy

'a "strong" ‘model of7,its’ kngwledge ‘domain along with 'numerous'

:heurlstlc‘.strate ies for answerlng a student s queiﬁlons, prov1d1ng

i N B
falternatjwe theorxes to his current hypotheses.? In essence, SOPHIE b

enables a student t have a one- to-one relatlonsh1p w1th an "expert"

~who héipé‘ the student ‘create, exper1ment w1th fnd debug his own

. R Ears 'j - . e

SOPHIE s expertl'e is derived from an efflclent and powerful

r er ”

| Tinferenclng scheme t at uses mu1t1ple representatlons of knowledge

‘including 'ga)‘is1mulat on models of the doma1n (b) -procedural ,'

ﬂspecialists ‘whlch cont'ln log1cal skllls and heur1st1c strategles

for. using .these'-models,,ﬂand {e) semantlc nets;. for . encod1ng

time- 1nvariant factuaﬂ kn wledge.-‘-Th power a‘d generallty of
vSOPHIE,stems, in part from he synerglsm obta1ned by focus1ng the X

i}
v

u,‘ procedural spec1al;sts on- the

o
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...N ' - ' \'.

'-"intelligent“ﬁmanipulationy ekecutiony\ and interpretation-'of; its
‘ - ‘ ‘ - A - ? . BN
simulation models.

- . ) } ‘ ¢

_ . . SRR o e
4 In the ba31c scehario; SQPHIE .acts’ as an. electronics'flab

1nstructor who AMelps the studént transform hlS classroom knowledge

- of . electronlcs 1nto an experlential 1ntu1tave knowledge of its
. - : Y
. meaning"and applicatlon.. mIt does- thls Jy 1nteract1ng w1th the

e ® e

student whlle he is debugglng a maifunctlonlng p1ece of equlpment

. (19). The« student can' perform any sequence of measurements, ask.'
' . ) S r . :
either speclflc questlons ‘about : thee Impllcatlons of Qhese

“ alt

- . e

measurements for more general hYPOthetIZEl questlons, and even ask :

for adv1ce about what to con81der next _g en what he has discovered‘ )

.thus far. “TAt any time‘SOPHIE may encourage the student to make a
guess as to what.h§ thlnks m1ght be wrong glven the measurements he

has made thus ?ar. 1f he does, SOPHIE wlll evaluate hlS h¥pothesis
. N . '&?av .

- by tak1ng 1nto con31deratlon all the 1nformatlon he should have been

-~ .

kable to der1ve from hik: current set of'measurements. If any of this

1nformation is log1cally contrad1cted by ‘the. hypothe31s, SOPHIE',
¥ ,
identifles and explalns these\contradictlons. leewise SOPHIE can.’

~Judge the mer1ts of any partlcul r measurement with respect tolfthe

¢ 1

prlor sequence of measurement he has made. " For example,'hisinew_:,

.

.‘measuremenﬁ may be:logically red ndan?\;' the ‘sensé that .90, new

,1nformat10n 'can) p0331bly be derived from\1t (an extremely -omplex'

t

ftask to determlne)k’ SOPHIE c%n "lso declde if thls measurement

rl Y

.performs ‘a reasonable spllﬁ ‘o;’ the hypothe51s space of p0881b1e _\“

'; faults whlch have not yet been ruled out by prlor measurements. 'l ‘/b{ s

~
s

30
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It should be noted that the scenario contdins qu1te a’ variety

of log1calﬂmnsks (i.e., hypothes1s evaluatlon, hypothe31s formation,

-

‘redundancy~cheek1ng; hypothetical questlon'answgr;ng)‘ each ohe of.

-~ which requires a 'substantial amount of deep logical inférencing.

One of‘the basic_challenges in;pdnstrudting SORHIE was creating an
‘infenence ‘system which could perform this wide range.of task$

effieiently (so that'it could be used in %eal,time) and4at the same
time have it 6e~_rbbust'”in the 'sensefof handling,all_realistic
queries. - | |

o ’ . . ' hd . 4

LI .
kcould create and articulate 1deas, it was  necessary to have a
powerful_natural language processor tdg communlcate w1th students.:'A
. . N, »

student w1ll ‘become frustrated' if he has to try sevenal ways ' of

Qexpressing_pnjidea.to get a response,’ In additiOn._he will. bepbme‘

et .‘1’, . . R

‘ B bored if there is- a long delay-(say 10 seeséigefo?e tth/NStem
replles.u_And because students begin to assune the system shares

thein "world-u;ewﬁ, SOPHIE 'must cope w1th contextuallyndependent

refe&ences, deletionsu and" elliﬁses. SOPHIE s natural language.

. . [ )
g- _processor is based ypon ‘a "semant1c grammar" technique, 1n whlch

S : . . '} :
concepts like ‘measurement" or. "clrc01t element" _ trlgger

pd

expectatlons about, what thlhgs should appeai\in the student ] 1nputa-

Because.éﬁFHIE was- designed as an environment in whiehhstudents‘

,SQPHIE_ahas demgﬁstrated that natural language process1ng has4

advanced faQ enough to deal with theseqthree kinds Qf dlfflcultles;

well enough to bufld ffien’ly, but sophlstlcated tutorlal systems.

. . . 4

4 - i ) o

&

o

e~

Q - R ' o o B . 4
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1comput1ng contlnues to decreaSe whlle teaoher s salaries are rising.'"m"

. . R T !' R
BBN Re?ort,No.\3181 .

- THE FUTURE OF -INTELLIGENT CAI

- ‘The,thrmst of this paper has, been to _shbw what “1nd " of -

capabilities are now ravallable for bulldlng genulnely 1ntelllgent

cal systems. ' The domain of’ such,systems ;s v1rtually'un11m1ted' it

_is not restricted, for example, to drill and practlce or

mathematlcs. The language Cigfbllltles of current systems- are not

T4

~ equal to those of a- human, nor will they be in the foreseeable

future, but they are good enough to sustaln practloal systems.,‘

The Plato system (6) has shown that it is posslble to bulld»

both k*J.nterestJ.ng and cost-effect1Ve CAi systems in a tlme—shared

R s, L

compliter env1ronment They have aecompllshed thls by uslng a

var1ety of teaohlng technlques. the Socratlc method, generatlve CAI

»

games and slmulatlons, programmed instruction, etc. Intelllgent CAI

-~

explore how to bulld greater 1nte111genoe 1nto tutorial systems,

”

+While .at the same tlme utlllzlng many of the educatlonal technlques

employed so- sucoessfully in P}ato.' T . , :
v . T ,\” '

° . N . o,

;Intelligent CAI systems‘are'now both' ooétly‘ tO' bulld (above’

‘e
Hence the cost of runnlng suob systems should be eompetltlve in

Bolt Beranek and Newmanliae,“

is .an <attempt to go beyond the teohnology in the Plato- system tor‘

 $100,000) and. to - use (about $10~$20 per pour, But the cost of.‘j

comparlson to the cost. of human tutoring w1th1n a' short time, fl'f?

At SRS
especially where there are few skilled teachers available, as wzth‘_. '

teaching comguter text-edltsng. The effectlve eost oP buildmng*sucth.f .

systems "depends on how much they are. used« Iff they are used - -
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-~
-

heavily,: then the large cost of building them will be worth-,the
investment; otherWise not. It is at least possible that one of theby
v current systems @ill be~ used .enough ¢to Justify the development
. expense, though they - were built only as prototype systems. The test
though will be the development of such a system for a school setting

: ,where large numbers‘of‘people_are being_taught.

.

~e ‘The payoff in intelligent ‘CKI comes from personalizing the .
learning precess. Personalization is effective in many ways' by |
TN forCing the student to participate ‘in 1earning, by teaohing ~at the:

level ‘of his individual knowledge° by providing a setting where the

student can try out his own ideas and make mistakes, by frEeing the

oy
student from peer pressure, by address1ng the student”’ s individual
conquions, etc. These - advantages make it worthwhile to- give
intelligentACAI a_serious trial. e 7’ A %
. ) . . ) . . L .' . . ’»_ . . ) ) "‘A, : -'
a : N
P . . J

—

.
.
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